Context. According to numerical simulations, stars are not always kept at their birth galactocentric distances but migrate. The importance of this radial migration in shaping galactic light distributions is still unclear. However, if it is indeed important, galaxies with different surface brightness (SB) profiles must display differences in their stellar population properties. Aims. We investigate the role of radial migration on the light distribution and the radial stellar content by comparing the inner colour, age and metallicity gradients for galaxies with different SB profiles. We define these inner parts avoiding the bulge and bar regions and up to around three disc scale-lengths (type I, pure exponential) or the break radius (type II, downbending; type III, upbending). Methods. We analyse 214 spiral galaxies from the CALIFA survey covering different SB profiles. We make use of GASP2D and SDSS data to characterise their light distribution and obtain colour profiles. The stellar age and metallicity profiles are computed using a methodology based on full-spectrum fitting techniques (pPXF, GANDALF, and STECKMAP) to the IFS CALIFA data. Results. The distributions of the colour, stellar age and stellar metallicity gradients in the inner parts for galaxies displaying different SB profiles are unalike as suggested by Kolmogorov-Smirnov and Anderson-Darling tests. We find a trend in which type II galaxies show the steepest profiles of all and type III the shallowest, with type I galaxies displaying an intermediate behaviour.
Introduction
The analysis of the stellar content in galaxies is an essential tool unveiling the processes that these systems underwent throughout their history (e.g. MacArthur et al. 2009; Roediger et al. 2011a;  Article number, page 1 of 30 arXiv:1705.02120v1 [astro-ph.GA] 5 May 2017 A&A proofs: manuscript no. Ruiz_Lara_CALIFA_2 Sánchez-Blázquez et al. 2011; Pérez et al. 2013) . Stellar populations reflect the chemistry of the interstellar medium at the moment of their formation and temporal variations in the star formation activity can give us essential information about the past of the galaxy (Cole et al. 2007; Gallart et al. 2015; González Delgado et al. 2015; Beasley et al. 2015; González Delgado et al. 2016) . However, galaxies are dynamical systems in continuous change and stars do not remain at their birth locations. We must take into account the effect of stellar motions to properly interpret stellar population information (e.g. Roškar et al. 2008b; Martínez-Serrano et al. 2009 ).
Several theoretical works have studied why stars undergo radial motions and its effects on disc properties (Sellwood & Binney 2002; Debattista et al. 2006; Younger et al. 2007; Roškar et al. 2008a,b; Martínez-Serrano et al. 2009; Sánchez-Blázquez et al. 2009; Minchev & Famaey 2010; Minchev et al. 2011; Roškar et al. 2012; Minchev et al. 2012b; Bird et al. 2012) . The causes for such motions can be attributed to internal (mainly caused by axisymmetric structures) or external (effect of satellite influence) agents. Sellwood & Binney (2002) proposed that stars close to the corotation resonance of transient spirals experience large changes in their radial positions. In addition, a non-linear coupling of non-axisymmetric structures such as the bar and the spiral structure leads to stronger migrations to those caused by the single presence of transient spirals (Minchev & Famaey 2010; Minchev et al. 2012b,a) . The influence of nearby satellites, as well as satellite accretion, can also induce mixing in the stellar discs (Younger et al. 2007; Bird et al. 2012) .
Recent simulations suggest that these radial motions have a considerable effect on the galaxy properties. In Roškar et al. (2008a) , using N-body and smoothed-particle hydrodynamics (SPH) simulations of an isolated and idealized disc, the authors found mass profiles with a lack of mass in the outer parts and age profiles with a characteristic "U-shape" (i.e. an age radial decline followed by an outer upturn). They suggested that these features found in the outer parts (i.e. lack of mass and outer ageing) are attributed to the interplay between a radial star formation cutoff and radial redistribution of stars induced by transient spiral arms. Sánchez-Blázquez et al. (2009) , using fully-cosmological hydrodynamical simulations, also found a downbending light surface density profile (lack of light in the outer parts) and an "U-shape" age profile in their simulated disc. In this case, the authors claim that breaks in the light distribution do not necessarily correspond to breaks in the mass distribution suggesting that the break origin is linked to two main processes: i) a radial change in the slope of the star formation profile linked to a drop in the gas density (due to a warp) as the main cause and ii) radial migration of stars towards larger radii. It is important to note though that such "Ushaped" age gradient was found even in the absence of radial migration. Although theoretical works are concentrated on galaxies displaying downbending profiles (type II), several observational works have also observed systems with pure exponential (type I) declines of the light profiles and upbending (type III) Surface Brightness (SB) distributions (e.g. Bland-Hawthorn et al. 2005; Pohlen & Trujillo 2006; Erwin et al. 2008; Gutiérrez et al. 2011; Marino et al. 2016) .
Although there is no clear consensus on the causes of radial migration or a definite explanation for the simulated SB and age profiles, all these works point towards an important amount of stars migrating from the inner regions to the outer parts. In particular, Sánchez-Blázquez et al. (2009) found that 57 % of the stars currently located in the outer parts of their cosmologicallysimulated disc came from the inner region, with mean values of the traversed radial distance of ∼ 3.4 kpc. Other works have also analysed the amount of stellar particles populating the outer parts and coming from the inner regions: Roškar et al. (2008b) found that the percentage of outwards migrating stars is up to ∼ 85 % with the average change in radius being 3.7 kpc, while Martínez-Serrano et al. (2009) obtained a percentage as high as 64 % -78 % in their cosmological discs. In Roškar et al. (2012) , they analysed in detail the origin of the radial migration observed in their idealised and isolated discs obtaining that nearly 50 % of the stars populating their solar neighbourhood (7 < R[kpc] < 9) came from the inner disc with some of them experiencing radial changes as high as 7 kpc (although it is not the norm). Observationally, evidence of radial migration has also been found in stars of the Milky Way (Feltzing et al. 2001; Nordström et al. 2004; Bergemann et al. 2014) . In particular, the RAVE collaboration (Steinmetz et al. 2006; Kordopatis et al. 2013 ) has recently found that around half of the supersolar metallicity stars currently located in the solar neighbourhood have migrated from inner regions (Kordopatis et al. 2015) . This radial redistribution of material should affect, not only the outer parts, but the overall stellar population and light distributions, especially if the number of migrating stars is high.
In particular, in Sánchez-Blázquez et al. (2009) , where the broken profiles were caused by the combination of a radial change in the star formation rate linked to a warp and radial migration, the authors speculate that the different observed SB profiles in the literature might be explained by different combinations of both processes. If we ignore the effect of the warp, we would expect a smooth change in the star formation rate per area unit leading to a pure exponential profile. Depending on how intense radial migration is, we could change from galaxies displaying a type II surface density profile (systems with little outwards radial migration) to galaxies displaying a type III profile (with a higher efficiency of the outwards radial migration) with type I galaxies being a case in between. Thus, different radial migration efficiencies might produce different SB profiles. If this scenario proposed by Sánchez-Blázquez et al. (2009) is correct, then, galaxies displaying different SB distributions must present differences in the stellar content throughout their discs. Therefore, the analysis of the stellar populations from the inner regions up to the outer discs of spiral galaxies is essential to better understand the role of radial migration, the general assembly of spiral galaxies, and to refine and constrain galaxy formation models. This analysis can be carried out following different approaches.
One possible approach consists of taking photometric images using different broad-band filters. As a first approximation, light differences from different filters (colours) can be interpreted as variations in the properties of the stellar content. A vast amount of works used this approach to determine stellar population gradients (e.g. Peletier 1993; de Jong 1996; Peletier & Balcells 1996; Jansen et al. 2000; Bell & de Jong 2000; MacArthur et al. 2004; Muñoz-Mateos et al. 2009; Roediger et al. 2011b Roediger et al. ,a, 2012 . Whether optical colours can be interpreted as a proxy for stellar age or metallicity is still controversial.
A different approach to analyse the stellar light is by using spectroscopic data. This approach allows us to study specific features dependent on the stellar age and metallicity, i.e. the linestrength indices (e.g. Rose 1984; Faber et al. 1985; Bica & Alloin 1986a,b; Bica 1988; Gorgas et al. 1993; Worthey 1994; Bica et al. 1994; Vazdekis et al. 1996; Worthey & Ottaviani 1997; Kauffmann et al. 2003) . Indices have been used to obtain single stellar population (SSP) equivalent values for age and metallicity in "simple" systems such as globular clusters or elliptical galaxies (e.g. Peletier et al. 2007; Kuntschner et al. 2010) . However, in the recent years great efforts have been put to improve the quality of the information recovered from indices and to make possible the application of this approach to any kind of system (e.g. Gallazzi et al. 2005 Gallazzi et al. , 2006 Gallazzi et al. , 2008 . The combination of recently developed bayesian approaches, improved spectral libraries, and high-quality observed spectra has allowed studies based on indices to obtain star formation histories, as well as metallicity and dust distributions (Zibetti et al. 2017) . However, the needed signal-to-noise (S/N) hampers this kind of analysis in regions of low SB or with data of limited quality.
In order to overcome this issue and to maximise the information used from observed spectra, several codes have been developed in the recent years analysing wide wavelength ranges (e.g. Heavens et al. 2000; Reichardt et al. 2001; Cid Fernandes et al. 2005; Tojeiro et al. 2007; Ocvirk et al. 2006b,a; Koleva et al. 2009 ). This full-spectrum fitting approach has been proven successful at further minimising the well-known age-metallicity degeneracy . However, studies of the stellar content on spiral galaxies are still very scarce, limited to the bulges or the inner discs (MacArthur et al. 2009; Sánchez-Blázquez et al. 2011; Sánchez-Blázquez et al. 2014a; Morelli et al. 2015 Morelli et al. , 2016 .
The emergence of integral field spectroscopy (IFS) makes possible a reliable analysis of the stellar content up to larger galactocentric distances. The IFS instruments and data at our disposal allow us to carry out new stellar population studies with unprecedented quality (Yoachim et al. 2012; Sánchez-Blázquez et al. 2014b; González Delgado et al. 2015; Ruiz-Lara et al. 2016b) .
In this paper we study the stellar content of a sample of 214 spiral galaxies from the CALIFA survey using full spectrum fitting techniques in order to asses, for the first time in such a large sample, the role of radial migration in shaping the properties that we observe in spiral galaxies. In addition, we analyse photometric data from the Sloan Digital Sky Survey (SDSS, York et al. 2000) to characterise the twodimensional light distribution of these galaxies. This analysis allows us to test if galaxies with the same SB profiles display similarities in their inner stellar content. Besides, we also obtain SDSS colour profiles (g − r, g − i, and r − i) for a further comparison. In Sect. 2 we define the sample of galaxies under study. We explain the method to analyse SDSS and CALIFA data in Sects. 3 and 4. The main results, discussion, and conclusions of this work are given in Sects. 5 and 7.
Sample selection
The sample of galaxies under analysis in this work was chosen from the CALIFA mother sample (Walcher et al. 2014) as well as the CALIFA extension presented in the CALIFA third Data Release (DR3, . We have selected a subset of disc galaxies (S0/a to Sd) with no signs of interaction according to the sample characterisation presented in Walcher et al. (2014) . In addition, the galaxies under analysis are those analysed in Méndez-Abreu et al. (2017) for which accurate two-dimensional (2D) decomposition of their light distribution is available. Galaxies fulfilling all these criteria but with inclinations larger than 70
• or for which the 2D light decomposition does not find any disc component (those dominated by a spheroid component) are discarded.
The final sample comprises 214 galaxies (124 barred galaxies, 58 %; and 90 unbarred galaxies, 42 %). Figure 1 is aimed at characterising the morphological and mass distributions as well as the position in a (u − z) -M z colour magnitude diagram of the selected galaxies (red). In order to compare with the general behaviour of the CALIFA DR3 spiral galaxies, the characteristics of this set of spiral systems are also shown (grey). We can highlight that the galaxies analysed in this study are representative of the CALIFA sample with the addition of the galaxies from the extension projects (not necessarily fulfilling all the CALIFA sample criteria) and thus, unbiased to any particular mass value or morphological type. Table 7 lists the main characteristics of each individual galaxy.
Photometric analysis
We use the fully-calibrated g, r, and i band images from the SDSS seventh data release (DR7, Abazajian et al. 2009 ) to analyse the light distribution of the sample of galaxies. We have chosen these filters to take advantage of the higher quality of the SDSS images in these bands compared to u and z bands. This analysis has been presented in detail in Méndez-Abreu et al. (2017) covering the entire CALIFA sample, in this section we outline its main characteristics and focus on the extraction of colour profiles as a by-product of this work. We encourage the reader to check that work for further details on the DR7 SDSS photometric images as well as the sky subtraction, critical in the outermost regions of spiral galaxies.
2D Surface-brightness distribution
We perform a 2D photometric decomposition of the structural components shaping our galaxy sample by applying GASP2D (Méndez-Abreu et al. 2008 to the SDSS sky-subtracted images. GASP2D iteratively fits a model of the SB distribution to the pixels of the galaxy image by means of a non-linear leastsquares minimization based on a robust Levenberg-Marquardt method (Moré et al. 1980 ) using the MPFIT algorithm (Markwardt 2009). It weights every pixel in the image according to the variance of its photon counts, assuming a photon noise limitation and considering the detector readout noise. It deals with seeing effects by convolving the model image with a circular Moffat (Trujillo et al. 2001 ) point spread function (PSF) with the full width at half maximum (FWHM) measured directly from stars in the galaxy image. The code allows us to determine the different photometric structures contributing to the light distribution of the studied galaxy. The components that GASP2D can fit are a bulge (or nuclear source for very small bulges), a disc (or broken disc), and/or a bar (or double bar). This way, GASP2D provides us with the set of structural parameters of these components that better fit the observed light distribution, such as ellipticities and position angles (e and PA), the bar length, the break radius (R break ) for galaxies with broken profiles, the inner and outer disc-scalelengths (h in , h out ), etc. Figure 2 shows the 2D decomposition into a bulge and a broken disc components for IC 1199 as a good example of the typical performance of GASP2D in our sample of galaxies (see also Méndez-Abreu et al. 2017) . Top row displays three panels with the observed SDSS r-band image (left), the 2D model (middle), and the residuals (model -observed, right). As an average for the entire sample, the residuals oscillate between ± 0.45 mag/arcsec 2 , with the bulk of pixels showing residuals within ± 0.15 mag/arcsec 2 (∼ 60%). Bottom row shows the SB (left), e (middle), and PA (right) profiles. In those panels black dots and shaded area represent the observed values and the errors computed as one sigma of the distribution of values within the ellipse, respectively. The solid light-green line is the output from Fig. 1 . Characterisation of the sample of galaxies under analysis in this work (red colour) compared to the CALIFA DR3 sample of galaxies limited to spiral systems (grey colours). Left-hand panel: Distribution of the morphological types according to the T parameter from Walcher et al. (2014) . Middle panel: Distribution of stellar masses from Walcher et al. (2014) . Right-hand panel: Distribution of the galaxies in the (u − z) -M z colour magnitude diagram. the ellipse IRAF 1 task applied to the model image. ellipse fits the galaxy isophotal light distribution by means of ellipses of variable e and PA. The left panel also illustrates the contribution to the light profile coming from the bulge (dashed blue line) and the broken disc (dashed red line) components. Dotted-dashed vertical lines and the dotted-dashed ellipse in top-left panel delimit the inner region (affected by the bulge) and the beginning of the disc-dominated region (R lim,in , see Sect. 3.2 for details). Dashed vertical lines and the dashed ellipse in the observed image are located at the break radius (R break ). Despite the difficulties of fitting complex systems dominated by spiral structure or H ii regions with smooth components, the agreement between observed and reconstructed profiles is reasonably good (see bottom row auxiliary panels).
The results from this analysis are summarised in Table 7 and have been published recently in Méndez-Abreu et al. (2017) . Although it is beyond the scope of the present paper, in Appendix A we properly characterise the SB profiles of the galaxies analysed in this work as well as compare our results with the literature. For the purposes of the main work in this paper, we find that this sample is comprised by 132 type I, 69 type II, and 13 type III galaxies.
Colour profiles
SDSS data are also used to compute the g−r, g−i, and r−i colour profiles for the sample of galaxies by running the ellipse IRAF task to the g, r, and i science frames. We fix the e and PA of the successive ellipses matching those of the outer disc (according to the GASP2D analysis in each filter). The 1D light profiles in the three filters are calibrated in flux according to the SDSS DR7 webpage 2 and subtracted accordingly to obtain the three colour profiles. The errors in the colour profiles are quadratically propagated from the errors in the SB profiles of the bands involved (e.g. g and r bands in the case of the g − r colour) computed as one sigma of the distribution of values (see Sect. 3.1).
We compute linear fits to these colour profiles to quantify and describe their general trends. We restrain the fit to the disc region, avoiding the inner or bulge-dominated part. Considering that the bulge region is where the observed light distribution deviate from the disc exponential profile, we define the inner limit (R lim,in ) as:
where r is the radius, µ disc is the functional shape of the disc light distribution found by GASP2D, and µ obs is the observed SB profile (black points in bottom-left panel of Fig. 2 ). The choice of 0.2 mag/arcsec 2 of difference between the theoretical-disc and the observed SB profiles allows us to properly avoid in this computation the region dominated by the bulge or the bar.
For a fair comparison between colour and stellar parameters profile gradients (see Sect. 5), we have decided to apply as outer limit (R lim,out ) for the colour linear fits the one defined from the stellar age and metallicity profiles (see Sect. 4.1.1). We compute the inner gradients taking into account colour values from R lim,in to R lim,out for type I galaxies and from R lim,in to R break for type II and III galaxies. We highlight that we are able to compute highquality colour profiles beyond R lim,out . However, we fix the outer limit to R lim,out to properly compare with the stellar parameters gradients. In Fig. 3 (top panels) we show the colour profiles and the results of the linear fits for IC 1199 as an example. The performed linear fits are error-weighted and take into account the observational errors of the radial points to derive the parameters of the fit, such as the gradient and its error. The values for all the derived gradients and errors are given in Table B .5 in Appendix B.
Spectroscopic analysis
Our sample of galaxies was drawn from those comprising the CALIFA survey, as already stated in Sect. 2. CALIFA data (as well as the data from the CALIFA extended projects) were collected at the 3.5 m telescope at Calar Alto using the PMAS integral field unit spectrograph in its PPaK configuration (Roth et al. 2005) . This project provides high quality spectra of 667 galaxies in the local Universe (0.005 < z < 0.03, Walcher et al. 2014) . Two different observing set-ups were adopted to maximise the scientific impact of the survey, one at high resolution (V1200) and the other at a lower resolution (V500). The wavelength range of the V500 (V1200) data is 3745 Å-7500 Å (3650 Å-4840 Å) with a spectral resolution of FWHM = 6.0 Å (FWHM = 2.7 Å). A three-position dithering scheme was chosen to obtain a 100 % coverage of the entire field-of-view with a final exposure time T. Ruiz-Lara et al.: Observational hints for radial migration in disc galaxies from CALIFA of 2700 s for the V500 data (5400 s for the V1200 setup). We use the CALIFA COMBO cubes from the version 1.5 of the reduction pipeline . The COMBO cubes are a combination of the V500 and the V1200 (degraded to the V500 resolution) datacubes that avoids the vignetting of the data in the blue end of some fibres for the V500 data (see Sánchez et al. 2012 ). This COMBO dataset displays high-quality spectra across the entire field-of-view in the wavelength range from 3700 Å to 7500 Å. This dataset has been proven unique to analyse the outer parts of spiral galaxies (see Ruiz-Lara et al. 2016b; Marino et al. 2016; Sánchez-Menguiano et al. 2016 ) because of its wide fieldof-view (74 × 64 ). In addition, the sky subtraction, crucial for our purposes, has been thoroughly studied to maximise the information coming from the 36 PMAS sky-fibers (see Husemann et al. 2013 ).
Stellar population analysis
The methodology applied in this work to extract the stellar age and metallicity distributions from the CALIFA data has been extensively tested in previous works (e.g. Sánchez-Blázquez et al. 2011; Seidel et al. 2015) . In particular, in Ruiz-Lara et al. (2015) , the authors apply this method to an integrated spectrum coming from the scanning of a wide region in the bar of the Large Magellanic Cloud to determine its stellar content. We compare those results to the star formation history reconstructed using stateof-the-art methods comparing synthetic and observed colourmagnitude diagrams (Aparicio & Gallart 2004; Aparicio & Hidalgo 2009; Hidalgo et al. 2011; Monelli et al. 2010) . The good agreement between both approaches encourages us to apply this method to external systems, supported by other works in the literature (García-Benito & Pérez-Montero 2012; Kuncarayakti et al. 2016) .
In this section we carefully explain this method. We must note here that, as a preliminary step, we mask the CALIFA datacubes to avoid foreground and background stars, as well as bad or low S/N spaxels. This methodology can be divided into three main steps: i) Stellar kinematics: An adaptive Voronoi method following the Cappellari & Copin (2003) algorithm is applied to the masked data with a goal continuum S/N of 20 and considering just spaxels with a minimum S/N of 3. We apply a stellar kinematics pipeline specifically designed for dealing with the CALIFA data (Falcón-Barroso et al. 2017 ) to these binned specArticle number, page 5 of 30 A&A proofs: manuscript no. Ruiz_Lara_CALIFA_2 Fig. 3 . g − r and g − i colour (top panels) and stellar age and metallicity (bottom panels) profiles for IC 1199 as an example. The colour profiles are represented by means of purple circles (top panels). Blue circles represent light-weighted stellar age or metallicity; red squares symbolise mass-weighted stellar age or metallicity (bottom panels). The dotteddashed vertical line delimits the bulge-dominated region (R lim,in ), while the dashed vertical is located at the break radius (R break ). tra based on the "penalised pixel fitting" code pPXF (Cappellari & Emsellem 2004; Cappellari et al. 2011) . This code uses a maximum-likelihood approach to match the observed spectrum with a combination of stellar templates, once they have been convolved with a line-of-sight velocity distribution (LOSVD). The LOSVD used by pPXF can be described via the Gauss-Hermite parametrization, allowing the measurement of the velocity, the velocity dispersion and higher order Gauss-Hermite moments up to the h3 and h4 (Gerhard 1993; van der Marel & Franx 1993) . To derive the velocity and velocity dispersion maps we use a subset of the INDOUSv2 library (Valdes et al. 2004) . Typical errors in the velocity determination are of the order of 5 to 20 km s −1 (for inner to outer spaxels). We use the computed velocity and velocity dispersion maps to shift the observed datacubes to the rest-frame and convolve them to a final FWHM of 8.4 Å, resolution that is well suited for analysing low and intermediate-mass galaxies (Vazdekis et al. 2010) .
Afterwards, we apply an elliptical integration (annuli) to these corrected datacubes. The width of each annulus is not fixed with the purpose of having spectra with at least a S/N of 20 (per Å, in the continuum). The centre, ellipticity, and position angle of the ellipses are fixed, matching the outer disc isophotes from GASP2D (see section 3.1).
ii) Emission line removal: We use GANDALF (Gas AND Absorption Line Fitting, Sarzi et al. 2006; Falcón-Barroso et al. 2006) to decontaminate the CALIFA spectra in order to have pure absorption spectra. This code is able to simultaneously recover the stellar and ionised gas kinematics and content. GANDALF treats emission lines as additional gaussian templates to add to the best combination of stellar templates (accounting for the stellar continuum). The code has been modified in order to take into account the dependency with wavelength of the instrumental FWHM when transformed to velocity units (L. Coccato and M. Sarzi, private communication) . In addition, the wavelength range has been limited to the blue part (3800 Å to 5800 Å) as most of the spectral features sensitive to the stellar populations are located in this region of the spectrum. We use an optimal subset of the Vazdekis et al. (2010) models (hereafter, V10) with a Kroupa universal initial mass function (Kroupa 2001 ). These models are based on the MILES library 3 (Sánchez-Blázquez et al. 2006; Falcón-Barroso et al. 2011) as observed stellar templates. The shape and position of the emission lines computed in this way is subtracted to the observed spectrum (with contribution from stars and gas) to obtain the "pure-absorption" stellar spectrum.
iii) Stellar content: To recover the stellar content from these "absorption-pure" spectra we use STECKMAP 4 (STEllar Content and Kinematics via Maximum A Posteriori likelihood, Ocvirk et al. 2006a,b) . STECKMAP is aimed at simultaneously recovering the stellar content and stellar kinematics using a Bayesian method via a maximum a posteriori algorithm. It is based on the minimization of a penalised χ 2 while no a priori shape of the solution is assumed (i.e. it is a non-parametric program). The definition of the penalised χ 2 function to minimise is:
where s is the modelled spectrum which depends on the stellar content (age distribution, x; and Age-Metallicity relation, Z in the above equation) and the stellar kinematics (broadening function, g). The STECKMAP output consists of three different solutions, the Stellar Age Distribution (SAD), the AgeMetallicity relation (AMR), and the line-of-sight velocity distribution (LOSVD). Those solutions with smooth SAD, AMR, and LOSVD are favoured while solutions with strong variations (those that are thought to be non-physical) are penalised by means of the penalisation function (P µ in equation 2). This penalisation function is defined as:
The different smoothing parameters (µ x , µ Z , and µ v ) allow the user to choose the smoothness for the different solutions (SAD, AMR, and LOSVD). The smoothness is completely accomplished by means of the function P. This function gives higher penalisation values to strongly oscillated functions while low values to smooth solutions. Higher values for the smoothing parameters as input parameters implies that more smoothed solutions are preferred. The function P can also adopt different shapes (for further information see Ocvirk et al. 2006b,a) . STECKMAP uses a polynomial to deal with the shape of the continuum, thus, avoiding flux calibration and extinction errors. Prior to running STECKMAP to the CALIFA data we investigate which combination of input parameters better fits the CAL-IFA data. According to those tests, we decide to use a square laplacian smoothing kernel for the shape of the function P for the SAD and AMR solutions, with values µ x = 0.01 and µ Z = 100, respectively. For further information about these parameters and the choice of them we encourage the reader to check previous works (Ocvirk et al. 2006a,b; Ocvirk 2010; Sánchez-Blázquez et al. 2014b ). As we study the LOSVD with especially devoted codes (see above), we do not allow STECKMAP to fit the kinematics. We convolve all the observed spectra to a common velocity Fig. 4 . Example of a typical CALIFA spectrum analysed with the described method. In particular, this is the spectrum of IC 1199 at 24 arcsecs (1.34 h in ). The solid black line represents the observed, rest-framed spectrum. The solid red line is the STECKMAP best fit to the observed spectrum after removing the gaseous emission lines with GANDALF. The inset is focused on the Hβ-MgI (4800 Å-5250 Å). See text for further details.
dispersion of 8.4 Å and shift them to the rest-frame and we fix the kinematics while running STECKMAP to these values to reduce the velocity dispersion-metallicity degeneracy reported in Sánchez-Blázquez et al. (2011) . In this step we use the entire set of the V10 models with ages ranging from 63 Myr to 17.8 Gyr and metallicities from -2.32 to +0.2 ([M/H]) as well as the same wavelength range that for the emission line removal (3800 Å to 5800 Å). Figure 4 shows an example of a typical, high-quality spectrum analysed with this methodology. The kinematics correction applied to the CALIFA datacubes and the elliptical integration allow us to obtain high quality spectra even in the outer parts of the analysed galaxies. In this particular case, we are showing a spectrum (solid black line) at an intermediate-to-large galactocentric distance from IC 1199 (24 arcsecs, 1.34 h in ). We must note the high quality of the spectrum (S/N = 41.3 per pixel in the continuum), highlighting specially some features such as the D4000 break, emission lines (Hβ, O iii, etc), or absorption features (Ca ii, MgI, etc). We can observe some remainings of the CALIFA sky subtraction in the O i sky line at 5577 Å, region that is masked and thus, not considered in the STECKMAP fit. The solid red line shows the STECKMAP fit to the emission-free spectrum (from GANDALF). The inset is focused on the region where Hβ and MgI absorption features are located.
Age and metallicity radial profiles
To compute the age and metallicity profiles, both light-weighted (L-W) and mass-weighted (M-W), we average the AMR and the SAD from STECKMAP in logarithmic scale, as extensively done in the literature (e.g. Sánchez-Blázquez et al. 2011; Cid Fernandes et al. 2013; Sánchez-Blázquez et al. 2014b; González Delgado et al. 2015) :
where Z is the solar metallicity (0.02) and mass(i) and flux(i) are the mass and flux of the population with age = Age i and metallicity = Z i . Errors in all of the above defined quantities are computed by means of 25 Monte Carlo simulations, number that has been proven sufficient to provide reasonable errors (Seidel et al. 2015; Ruiz-Lara et al. 2016b ). We derive these errors by adding some noise consistent with the quality of the original data to the best fit of the observed spectrum and running STECKMAP 25 times to all of these noisy, best fit spectra. The standard deviation of the 25 recovered age and metallicity values is what we consider the error in each magnitude. Once we have derived the age and metallicity radial distributions, we compute linear fits in a similar way as we explained for the colour profiles (see Sect. 3.2). We use the same definition of R lim,in as before and the definition of R lim,out is imposed by the quality of the CALIFA spectroscopic data or the method performance. Thus, R lim,out is given by the last radial spectrum with a S/N > 20 or by the last radial spectrum from which reliable stellar population results are drawn. We highlight that in a small number of cases (corresponding to the outermost regions), although the computed S/N is higher than 20 a visual inspection of the GANDALF or STECKMAP fits suggests that they are not good enough (bad emission line removal, deficient continuum shape reconstruction, etc) and thus, non-reliable stellar population results are obtained. The information from these spectra is discarded. For type I galaxies we compute a single (inner) gradient from R lim,in to R lim,out while for type II and III galaxies the outer limit is restricted to the break radius. In this case, again, the performed linear fits are error-weighted, taking into account the observational errors of the points to derive the gradient and its error. Figure 3 (bottom panels) shows an example of the typical age and metallicity profiles that we obtain with the CALIFA data. The values of all the gradients and their errors for the age and metallicity profiles (light-and mass-weighted) are given in Tables B.1 and B.3 in Appendix B.
Results
The procedure explained in the previous sections allows us to characterise the light distribution for the 214 galaxies under analysis and to obtain their colour profiles as well as their stellar age and metallicity profiles. In this paper we focus on the behaviour of such tends in the inner parts to identify differences in their inner gradients for galaxies displaying different SB profiles. The stellar content for some of the galaxies in this sample in the outer parts (i.e. beyond the break radius for type II galaxies or beyond three disc-scalelengths for type I galaxies) has been presented in Ruiz-Lara et al. (2016b) .
We know from previous works that stellar radial migration exists in spiral galaxies (Feltzing et al. 2001; Nordström et al. 2004; Roškar et al. 2008a; Sánchez-Blázquez et al. 2009; Minchev & Famaey 2010; Bergemann et al. 2014; Kordopatis et al. 2015) . Moreover, if radial redistribution of material is important, it must have an effect in the stellar content of the inner and the outer regions. As a consequence, if there is a relation between radial migration and SB profiles, galaxies displaying different SB profiles should display differences in their inner stellar content. Therefore, the analysis of the inner colour profiles (Sect. 5.1) along with the inner stellar age and metallicity gradients (Sect. 5.2) segregating in the different SB profile types can help us to shed light into the role of radial migration in the shaping of stellar parameter and light distribution profiles.
Inner colour gradients
The analysis of the light distribution carried out along this work (see Sect. 3) allows us to obtain colour radial profiles. Although we know that drawing stellar population information from optical colours might not be an optimal approach (Ganda et al. 2009 ), we have studied the colour inner gradient distribution for type I, II, and III galaxies, for the sake of completeness. Figure 5 shows the distribution of the inner gradients for the (g − r), (g − i), and (r − i) colour profiles as box plots (main plots) as well as by means of histograms (right-hand auxiliary panels). The error-weighted mean values of the inner gradient distribution for the (g − r), (g − i) and (r − i) colour profiles are shown in Table 2 . We can see that gradient distributions for type I, II and III galaxies are different. Type II galaxies present the steepest gradients of all, followed by type I and type III systems (displaying the shallowest profiles). To further quantify such a result, we make use of two different statistical tests to check whether these distributions are drawn or not from the same one: the Kolmogorov-Smirnov (KS) and the Anderson-Darling (AD) tests. These tests are used to compare two samples and provide estimations on how different these two distributions are by means of a parameter called "p-value". If this statistical parameter is below a significance level (generally ∼ 0.05) then, we can reject the "null hypothesis", i.e. we can conclude that the two samples are drawn from different distributions. The corresponding "p-values" for all these tests can be found in Table 3 . Very low p-values are found using the KS tests when comparing the colour inner gradient distributions for type I and II galaxies as well as comparing type I and type III distributions, and type II and III. Although the size of the sample under analysis in this work is large enough as to be analysed using a KS test, suited for large samples, we have decided to use the AD test too, which is better suited for small samples. The p-values obtained using this second statistical test (AD) agree with the ones found using KS, with p-values always well below the significance level. Then, we can conclude that the colour profile inner gradient distributions for type I, II, and III galaxies seem to be drawn from different distributions with type II galaxies displaying steeper negative trends than type I and III systems, with the latter showing the shallowest profiles.
Inner stellar parameters gradients
To further test our hypothesis of radial migration affecting differently the inner stellar content of galaxies with different SB profiles, Fig. 6 shows the distribution of the inner gradients of the log(age[yr]) and [M/H] profiles (L-W and M-W) for galaxies with different SB profiles in a similar way as presented in Fig. 5 for the colour gradients. After a visual inspection, we can claim that similar trends to the ones shown by the colour profiles are found (especially in the case of L-W quantities), though in this case those trends are not as clear as in the previous case. The observed tendency suggests that as we move from type II galaxies to type I and type III systems the slope of the L-W profiles becomes shallower. The trend is also observed but to a lesser degree in the case of the M-W quantities. The actual values for the error-weighted average gradients and their dispersions for each SB profile type are shown in Table 4 .
The average values confirm the first visual impression: type II galaxies present the steepest profiles and type III the shallowest, with type I spirals displaying an intermediate behaviour in L-W parameters. However, although a similar trend is found for the gradients from the M-W quantities, we find the exception of the M-W age gradients, where type I and III galaxies display similar average values. As done in the case of the colour gradients, and to further quantify such a result, we make use of the KS and AD statistical tests. The "p-values" for all these tests can be found in Table 5 . KS tests seem to indicate that the observed distributions for type I and III galaxies are basically identical in the case of the M-W quantities, with high p-values (0.62 and 0.37, respectively). However, slight differences are found in the case of the L-W age gradients (p-value of 0.07, around the significance level) and clear differences in the case of the L-W metallicity gradients (p-value of 0.04, below the significance level). The AD tests arise similar results, i.e. the samples for type I and III galaxies follow the same distribution in the case of M-W quantities but differences seem to appear when comparing the distributions of the L-W gradients. Regarding the distributions shown by type II galaxies, KS and AD tests suggest that they are drawn from different distributions than type I and III systems if we pay attention to both, L-W and M-W profiles. However, this statement should be taken with caution as in the case of the metallicity gradients the p-values are in some cases similar to or even slightly above the significance level and thus, the observed differences, if any, are almost negligible.
We also reproduced the analysis shown in Fig. 6 but distinguishing between barred and unbarred systems instead of SB profile types to assess the effect of the presence of a bar in shaping the stellar parameter profiles. The distributions found for barred and unbarred galaxies are completely consistent among them, thus suggesting that presence of bars do not seem to have a strong effect in shaping the stellar parameter profiles (in agreement with the results found in Sánchez-Blázquez et al. 2014b; Marino et al. 2016) .
The similar behaviours of the inner gradients of the stellar parameter and colour profiles for type I, II, and III galaxies, especially in the case of the L-W quantities, can be interpreted as a reinforcement of the results above outlined. In addition, it might shed some light into whether optical colours can be used as a proxy for stellar ages or metallicities when looking for statistical trends in large samples of galaxies. However, in order to do such a claim further investigation and comparison between colour and stellar parameter profiles are needed.
It is worth mentioning the fact that, apart from the above mentioned differences, the distributions of inner gradients (colours and stellar parameters) also present different dispersions (see parenthesis in Tables 2 and 4) . The values of the inner gradients for type III galaxies always present lower dispersions than type I or II systems. However, this is understandable considering the low number of galaxies exhibiting a type III profile (13). More intriguing is the fact that, even though the number of type I galaxies is much larger than the number of type II galaxies (132 vs. 69), type II galaxies present larger dispersion for all analysed quantities. Whether this is a consequence of the different possible processes shaping the type II SB profiles or a direct conse- Table 2 . Error-weighted average, its error and dispersion (the later in parenthesis) values of the inner gradients for the g − r, g − i, and r − i colour profiles (see text for details). Units are in mag/h in . Table 3 . Statistical "p-values" for the KS (AD tests in parenthesis) when comparing the inner gradients distributions for type I vs. type II, type I vs. type III and type II vs. type III galaxies of the colour profiles analysed in this work (g − r, g − i, and r − i).
quence of the lower degree of mixing induces by radial migration needs to be further investigated.
Discussion
Our hypothesis states that, i) if migration is capable of redistributing a sufficient mass fraction as to affect the observed inner stellar content and ii) different radial migration efficiencies affect the shaping of the outer light distributions, galaxies with different SB profiles should display differences in their inner colour and stellar age and metallicity gradients. The results presented in this paper suggest that this can be the case: Type II galaxies might present the lowest degree of radial migration causing the stellar population gradients to be steeper, while type III systems might display a larger degree of mixing, resulting in shallower gradients. The fact that type I systems tend to display average values in between type II and III systems and slightly different distributions to both types further supports this scenario. In this work, we have also checked if the differences in the stellar parameter gradients for type II galaxies (steep gradients) are due to a more efficient current star formation in these systems. The analysis of the light fraction of stars younger than 150 Myr yields no differences between type I, II, and III galaxies discarding a recent star formation burst as the cause of the steeper L-W age profiles in type II systems. Although tempted to claim that these results are evidences of different radial migration efficiencies for galaxies displaying different SB profiles, we must bear in mind that other processes involved in the formation of spiral galaxies besides migration can be also at play (as suggested in Ruiz-Lara et al. 2016b ).
Other theoretical and observational works have also tried to understand the role of radial migration on shaping light distribution and the stellar content in spiral galaxies. Roškar et al. (2008b) used their SPH+N-body simulations to propose that SB and age profiles were intimately related to radial migration, i.e. radial migration, along with a radial cut-off of the star formation, was the cause of the downbending of the light profile and the ageing of the outer disc. In Ruiz-Lara et al. (2016a) , the authors analyse the origin of the outer ageing in a set of simulated spiral galaxies (RaDES, Few et al. 2012) finding that type I, II, and III galaxies show "U-shape" age profiles even when radial migration is not considered. Consistently with that work, Ruiz-Lara et al. (2016b) analysed spectroscopic data from the CALIFA survey to obtain "U-shape" age profiles indistinctly Table 4 . Error-weighted average, its error and dispersion (the later in parenthesis) values of the inner gradients for the stellar age and metallicity profiles (see text for details). L-W stands for light-weighted quantities whereas M-W stands for mass-weighted. Units are in dex/h in .
for type I and II galaxies suggesting that the shaping of the SB and the outer ageing on the stellar age profiles are unconnected. In addition, recent observational works suggest the existence of old outer discs formed through radial migration and/or satellite accretion in a wide variety of galactic systems. Zhang et al. (2012) analysing broad-band images of 34 dwarf irregular galaxies found some hints of old stellar populations over the entire disc from their spectral energy distribution (SED) modelling. Similar results have been found by Zheng et al. (2015) analysing SED modelling of 698 spiral galaxies from the Pan-STARRS1 Medium Deep Survey images. Dale et al. (2016) , analysing deep optical and near-infrared images of a sample of fifteen nearby spiral galaxies, found results consistent with an inside-out disc formation coupled with an old stellar outer disc. The analysis of deep colour magnitude diagrams also claim the presence of old stars in the outskirts of very nearby systems (Bernard et al. 2012; Radburn-Smith et al. 2012; Bernard et al. 2015) .
The variety of results found in the previous mentioned works suggest that we are still far from understanding the real role of radial migration in shaping the stellar distribution (light, age, Article number, page 10 of 30 T. Ruiz-Lara et al.: Observational hints for radial migration in disc galaxies from CALIFA SB profiles and metallicity) of spiral galaxies. Although it seems that radial migration is present in galaxies, we still cannot decouple the possible effects of recent star formation, satellite accretion or radial migration in modelling observed galaxies. The observed properties can be the consequence of a complex process, involving not only radial migration but multicomponent star formation recipes (Elmegreen & Hunter 2006) , combinations of star formation thresholds and collapse of the protogalactic cloud conserving angular momentum (van den Bosch 2001), satellite accretion, etc.
However, the results shown in this paper are in agreement with the speculations presented in Sánchez-Blázquez et al. (2009) and might indicate that there can be a radial migration efficiency transition between type II, I, and III. If this is the case, the factor determining the type of SB profile to exhibit would be the amount of outward migrated stars. If outward radial migration is high enough, this migration could change the observed SB profiles of spiral galaxies from type II to I or even III (with the combined action of satellite accretion).
This work helps us to constraint future theoretical works studying the origin of the outskirts of spiral galaxies and propose a possible scenario to explain the different observed SB profiles. Although we cannot conclude whether radial migration is the main mechanism or it is just one of many mechanisms shaping the different SB profiles, we can claim that the amount of stars that are currently displaced from their birth locations can represent a significant fraction of the total stellar mass as to affect the inner stellar age and metallicity profiles.
Conclusions
In this work we present stellar age and metallicity profiles from full-spectrum fitting analysis of the CALIFA IFS data of a sample of 214 spiral galaxies. We have carefully analysed their 2D light distribution to characterise their SB profiles and obtained colour profiles from the analysis of SDSS data. Our main conclusions state that:
i) There are statistical differences in the behaviour of the colour profiles (g − r, g − i and r − i) in the inner parts for type II galaxies compared to type I and III systems. Type II galaxies tend to display the steepest profiles and type III the shallowest while type I galaxies show an intermediate behaviour.
ii) Similar findings are obtained when computing the inner gradients of the L-W stellar age and metallicity trends in the inner parts. The trend is also reproduced in the case of M-W quantities but to a lesser extent.
iii) Conclusions i) and ii) together suggest a segregation in the radial migration efficiency for type I, II, and III galaxies, with type III systems being the most efficient (shallowest profiles) and type II being the less efficient systems (steepest profiles). These findings allow us to suggest that radial migration seems to have an effect in shaping the stellar content in spiral galaxies (light, stellar age and stellar metallicity distributions). The efficiency of the outward radial migration might be the factor determining the observed SB profile in a galaxy, from type II (low efficiency) to type III (high efficiency). However, a joint effort of simulations and observations is needed in order to properly asses: a) the actual role of radial migration in galaxy evolution and its causes, b) the role of satellite accretion, and c) whether these different behaviours between type I, II and III systems are imprinted at birth or really acquired via radial migration.
T. Ruiz-Lara et al.: Observational hints for radial migration in disc galaxies from CALIFA (1) Name of the galaxy; (2) right ascention (J200); (3) declination (J2000); (4) morphological type; (5) bar (1, yes; 0, no); (6) surface brightness profile type; (7) inner disc scale-length (kpc); (8) outer disc scale-length (kpc); and (9) break radius in units of h in . Columns (1), (2), (3), and (4) from the CALIFA general sample characterisation (Walcher et al. 2014) . Columns (5), (6), (7), (8), (9), and (10) from the 2D decomposition (see section 3.1).
Article number, page 16 of 30 T. Ruiz-Lara et al.: Observational hints for radial migration in disc galaxies from CALIFA
Appendix A: SB profile classification
The proper characterization of the light distribution in the galaxy sample is an essential step to analyse the stellar content for different SB profiles. Table A .1 summarise the information from the 2D light decomposition presented in this work (see Sect. 3.1). We find that type I (61.7 %) and II (32.2 %) SB profiles are the most frequent ones in the galaxies under analysis with only 13 galaxies (6.1 %) displaying an upbending profile. Type II galaxies exhibit the most extended inner discs (h in = 8.92 ± 3.80 kpc), followed by type I (4.88 ± 1.15 kpc) and type III (2.51 ± 0.36 kpc) discs. The breaks are located at larger galactocentric distances for type II than for type III galaxies (12.31 ± 3.25 vs. 8.50 ± 1.40 kpc), although in terms of h in this trend is reversed (1.92 ± 0.68 vs. 3.51 ± 0.54 h in ). There seems to be a tendency with morphology in the inner disc-scalelength for type I galaxies in which later types show less extended discs than early types. However, no further correlations are found with morphology.
Although it is not the main scope of this paper, for the sake of completeness, in Table A .2 we compare our results with other works focused on the 1D light distribution up to the outer discs using visible light, i.e. Pohlen & Trujillo (2006, hereafter PT06) , Erwin et al. (2008, hereafter E08) , Gutiérrez et al. (2011, hereafter G11) , and Marino et al. (2016, hereafter M16) . We should warn the reader that, by no means, this comparison is meant to be a complete one: there are many more works in the literature to be compare with. We must also highlight the different selection criteria adopted to define each sample. PT06 was focused on analysing the light distribution for late type galaxies (98 galaxies with 2.99 < T < 8.49), while E08 and G11 were focused on S0-Sb galaxies (66 barred and 47 unbarred galaxies, respectively). The sample analysed in M16 should, in principle, present more similarities with the one analysed in this work as both were drawn from the CALIFA sample (with some overlapping between both samples).
The comparison among these works (including the one presented here) shows some differences. Especially striking is the discrepancy in the frequency of profile types obtained by these studies. While this work suggests that single exponential (type I) profiles are the most frequent type of SB profiles found in our galaxies, PT06, E08, and M16 suggest that galaxies mostly display downbending profiles, and upbending SB distributions are most frequently found in G11. However, we find a lack of type III galaxies with the 2D decomposition method. The values for the inner disc-scalelengths in all the works suggest that type II galaxies have larger values than type I and III galaxies (in that order), with the exception of G11 for which the order would change to type I, II, and III with decreasing inner disc-scalelength values. However, while all the works in 1D found relatively consistent values for this morphological parameter (within errors), the 2D analysis presented here arises larger inner disc-scalelengths for type I and II galaxies than the rest of the works. Regarding the break radius, although in physical units different works found different values (both for type II and type III systems), those found for the R break /h in for different SB types are fairly consistent among works, with values around 2 for type II galaxies and around 4 for type III systems. All the works seem to suggest that the position of the break in units of h in is larger for type III galaxies than for downbending profiles while in terms of physical units there is no agreement between them. The tendency found with this 2D analysis for type I galaxies with later types displaying lower values of h in is also found when comparing the PT06 results (later types) with the E08 or G11 ones (earlier types).
Before drawing any conclusions, we must bear in mind the great discrepancies among the compared works: i) PT06, E08, G11, and M16 follow a 1D analysis of the light distribution while this analysis makes use of a 2D decomposition; in addition, ii) different galaxy samples are analysed in each work; if the samples under analysis are not similar (masses, morphology, etc) then, different results might arise as a consequence of the differences among the analysed samples.
In order to check to what extend the decomposition method affects the global morphological parameters for type I, II, and III galaxies we apply a 1D analysis similar to the one performed in other works to the sample of galaxies analysed in this work and compare the results from both methods on the same sample. To perform such exercise we have analysed the 1D SB distributions already computed in Sect. 3.2. We fit these 1D SB profiles with a classical exponential decline (Freeman 1970) in the case of type I galaxies:
where I disc (r) is the disc intensity as a function of the radius (r), I 0 is the central surface brightness, and h in is the scale-length of the disc. For type II and III galaxies we use the function defined in E08:
where h out is the outer scale-length of the disc, R break is the position of the break, α is a parametrization of the sharpness of the break, and S is a scaling factor in the form:
The results of this 1D analysis of the light distribution are shown in column (2) of Table A.2. We find again a discrepancy in the frequency of profile types with this 1D approach displays more similar percentages when compared with other works. Not only the frequency of profile types changes from a 1D to a 2D approach, even analysing the same sample of galaxies, but also the rest of morphological parameters. Different values for the break radii and inner disc-scalelengths are found with no clear pattern. In addition, the comparison of the results from the 1D approach in this sample of galaxies and the results of other works present quite striking differences mainly due to the different samples under analysis.
In summary, the differences among the compared works are mainly due to two aspects. On one hand, the different decomposition methods used (1D vs 2D) must play an important role in the derived structural parameters; however, a 2D analysis of the light distribution is a more realistic procedure, and thus, we decide to follow this approach in this work. On the other hand, the different selection criteria to define each sample and thus, the different morphologies under consideration, might arise different results. It is clear that larger statistical samples and a more rigorous analysis (far from the scope of this present work) are needed to properly assess the variety of SB profiles in nature. These findings are agreement to what shown in Méndez-Abreu et al. (2017) . (1) Results applying the 2D decomposition using GASP2D (see Sect. 3.1 for further details) to the sample of galaxies under analysis; (2) results applying a more classical 1D approch (see text for details) to the sample of galaxies; (3) Article number, page 18 of 30 T. Ruiz-Lara et al.: Observational hints for radial migration in disc galaxies from CALIFA
Appendix B: stellar parameter and colour gradients
In this section we present tables with the derived stellar age and metallicity profile inner gradients as well as colour profile inner gradients for all the galaxies in the sample. Table B .5 for the colour (g − r, g − i, and r − i) profiles. Article number, page 20 of 30 T. Ruiz-Lara et al.: Observational hints for radial migration in disc galaxies from CALIFA Article number, page 21 of 30 T. Ruiz-Lara et al.: Observational hints for radial migration in disc galaxies from CALIFA Article number, page 24 of 30 T. Ruiz-Lara et al.: Observational hints for radial migration in disc galaxies from CALIFA T. Ruiz-Lara et al.: Observational hints for radial migration in disc galaxies from CALIFA -0.09 ± 0.87 -0.01 ± 0.14 -0.34 ± 0.87 -0.05 ± 0.14 -0.24 ± 0.87 -0.04 ± 0.14 NGC 0932 -0.06 ± 0.17 -0.01 ± 0.03 -0.08 ± 0.17 -0.01 ± 0.03 -0.02 ± 0.17 -0.00 ± 0.03 NGC 0941 -0.16 ± 0.24 -0.07 ± 0.11 -0.16 ± 0.24 -0.07 ± 0.11 -0.01 ± 0.24 -0.00 ± 0.11 NGC 0976 -0.05 ± 1.68 -0.01 ± 0.51 -0.07 ± 1.68 -0.02 ± 0.51 -0.02 ± 1.68 -0.01 ± 0.51 NGC 0991 -0.11 ± 0.13 -0.04 ± 0.04 -0.17 ± 0.13 -0.06 ± 0.04 -0.06 ± 0.13 -0.02 ± 0.04 UGC 02099 -0.10 ± 0.32 -0.01 ± 0.03 -0.09 ± 0.32 -0.01 ± 0.03 0.01 ± 0.32 0.00 ± 0.03 UGC 02134 -0.42 ± 1.58 -0.02 ± 0.07 -0.68 ± 1.58 -0.03 ± 0.07 -0.26 ± 1.58 -0.01 ± 0.07 NGC 1070 -0.04 ± 0.27 -0.02 ± 0.11 -0.04 ± 0.27 -0.02 ± 0.11 -0.00 ± 0.27 -0.00 ± 0.11 NGC 1094 -0.05 ± 0.24 -0.02 ± 0.09 -0.06 ± 0.24 -0.02 ± 0.09 -0.01 ± 0.24 -0.00 ± 0.09 NGC 1093 -0.10 ± 0.14 -0.02 ± 0.03 -0.14 ± 0.14 -0.03 ± 0.03 -0.04 ± 0.14 -0.01 ± 0.03 UGC 02311 -0.08 ± 0.19 -0.01 ± 0.03 -0.08 ± 0.19 -0.01 ± 0.03 0.00 ± 0.19 0.00 ± 0.03 UGC 02403 -0.25 ± 0.23 -0.05 ± 0.05 -0.33 ± 0.23 -0.07 ± 0.05 -0.08 ± 0.23 -0.02 ± 0.05 UGC 02443 -0.13 ± 0.45 -0.04 ± 0.12 -0.21 ± 0.45 -0.06 ± 0.12 -0.08 ± 0.45 -0.02 ± 0.12 NGC 1167 0.00 ± 0.28 0.00 ± 0.03 0.04 ± 0.28 0.00 ± 0.03 0.04 ± 0.28 0.00 ± 0.03 NGC 1211 -0.08 ± 1.14 -0.01 ± 0.18 0.04 ± 1.14 0.01 ± 0.18 0.11 ± 1.14 0.02 ± 0.18 UGC 02690 -0.10 ± 0.13 -0.02 ± 0.03 -0.13 ± 0.13 -0.03 ± 0.03 -0.03 ± 0.13 -0.01 ± 0.03 MCG-01-10-019 -0.14 ± 0.20 -0.02 ± 0.03 -0.20 ± 0.20 -0.03 ± 0.03 -0.06 ± 0.20 -0.01 ± 0.03 NGC 1645 -0.12 ± 0.15 -0.02 ± 0.03 -0.14 ± 0.15 -0.03 ± 0.03 -0.02 ± 0.15 -0.00 ± 0.03 NGC 1659 -0.08 ± 0.14 -0.02 ± 0.04 -0.11 ± 0.14 -0.03 ± 0.04 -0.02 ± 0.14 -0.01 ± 0.04 NGC 1665 -0.00 ± 0.14 -0.00 ± 0.04 -0.00 ± 0.14 -0.00 ± 0.04 0.00 ± 0.14 0.00 ± 0.04 NGC 1666 -0.01 ± 0.04 0.00 ± 0.02 0.00 ± 0.04 0.00 ± 0.02 0.01 ± 0.04 0.00 ± 0.02 NGC 1667 -0.05 ± 0.11 -0.01 ± 0.03 -0.05 ± 0.11 -0.01 ± 0.03 0.00 ± 0.11 0.00 ± 0.03 UGC 03253 -0.17 ± 0.26 -0.05 ± 0.07 -0.25 ± 0.26 -0.07 ± 0.07 -0.07 ± 0.26 -0.02 ± 0.07 NGC 2253 -0.07 ± 0.11 -0.03 ± 0.04 -0.11 ± 0.11 -0.04 ± 0.04 -0.03 ± 0.11 -0.01 ± 0.04 NGC 2347 -0.07 ± 0.12 -0.01 ± 0.03 -0.05 ± 0.12 -0.01 ± 0.03 0.02 ± 0.12 0.00 ± 0.03 UGC 03944 -0.09 ± 0.13 -0.03 ± 0.04 -0.14 ± 0.13 -0.04 ± 0.04 -0.05 ± 0.13 -0.02 ± 0.04 UGC 03973 -0.03 ± 0.21 -0.00 ± 0.03 -0.05 ± 0.21 -0.01 ± 0.03 -0.02 ± 0.21 -0.00 ± 0.03 UGC 03995 -0.13 ± 0.17 -0.02 ± 0.02 -0.20 ± 0.17 -0.03 ± 0.02 -0.06 ± 0.17 -0.01 ± 0.02 Table B .5. Continued.
Article number, page 27 of 30 A&A proofs: manuscript no. Ruiz_Lara_CALIFA_2 0.07 ± 0.13 0.04 ± 0.07 0.12 ± 0.13 0.07 ± 0.07 0.04 ± 0.13 0.02 ± 0.07 NGC 4711 -0.14 ± 0.32 -0.03 ± 0.08 -0.20 ± 0.32 -0.05 ± 0.08 -0.06 ± 0.32 -0.02 ± 0.08 UGC 08004 -0.14 ± 0.13 -0.02 ± 0.02 -0.21 ± 0.13 -0.03 ± 0.02 -0.08 ± 0.13 -0.01 ± 0.02 NGC 4961 -0.10 ± 0.32 -0.04 ± 0.13 -0.11 ± 0.32 -0.04 ± 0.13 -0.00 ± 0.32 -0.00 ± 0.13 UGC 08231 -0.04 ± 0.12 -0.02 ± 0.05 -0.06 ± 0.12 -0.03 ± 0.05 -0.02 ± 0.12 -0.01 ± 0.05 NGC 5000 -0.10 ± 0.20 -0.02 ± 0.04 -0.11 ± 0.20 -0.02 ± 0.04 -0.01 ± 0.20 -0.00 ± 0.04 NGC 5016 -0.05 ± 0.14 -0.03 ± 0.07 -0.06 ± 0.14 -0.03 ± 0.07 -0.01 ± 0.14 -0.01 ± 0.07 NGC 5157 -0.09 ± 0.16 -0.01 ± 0.02 -0.12 ± 0.16 -0.02 ± 0.02 -0.02 ± 0.16 -0.00 ± 0.02 NGC 5205 -0.14 ± 0.17 -0. -0.35 ± 1.00 -0.02 ± 0.05 -0.63 ± 1.00 -0.03 ± 0.05 -0.28 ± 1.00 -0.01 ± 0.05 NGC 5473 -0.02 ± 0.29 -0.01 ± 0.12 -0.01 ± 0.29 -0.00 ± 0.12 0.02 ± 0.29 0.01 ± 0.12 NGC 5480 -0.14 ± 0.52 -0.05 ± 0.18 -0.22 ± 0.52 -0.07 ± 0.18 -0.08 ± 0.52 -0.03 ± 0.18 UGC 09067 -0.11 ± 0.16 -0.02 ± 0.03 -0.13 ± 0.16 -0.03 ± 0.03 -0.02 ± 0.16 -0.00 ± 0.03 NGC 5520 -0.10 ± 0.10 -0.06 ± 0.06 -0.16 ± 0.10 -0.09 ± 0.06 -0.06 ± 0.10 -0.04 ± 0.06 NGC 5633 -0.02 ± 0.13 -0.02 ± 0.09 -0.03 ± 0.13 -0.02 ± 0.09 -0.01 ± 0.13 -0.00 ± 0.09 NGC 5657 -0.13 ± 0.11 -0.03 ± 0.03 -0.17 ± 0.11 -0.04 ± 0.03 -0.05 ± 0.11 -0.01 ± 0.03 NGC 5720 -0.14 ± 0.12 -0.02 ± 0.02 -0.17 ± 0.12 -0.03 ± 0.02 -0.03 ± 0.12 -0.00 ± 0.02 NGC 5732 -0.08 ± 0.12 -0.03 ± 0.05 -0.07 ± 0.12 -0.03 ± 0.05 0.01 ± 0.12 0.01 ± 0.05 Table B .5. Continued.
Article number, page 28 of 30 T. Ruiz-Lara et al.: Observational hints for radial migration in disc galaxies from CALIFA Name (g − r) in (g − i) in (r − i) in (dex/h in ) (dex/kpc) (dex/h in ) (dex/kpc) (dex/h in ) (dex/kpc) (1) (2) (3) (4) (5) (6) -0.05 ± 1.45 -0.00 ± 0.08 0.08 ± 1.45 0.00 ± 0.08 0.13 ± 1.45 0.01 ± 0.08 NGC 7591 -0.15 ± 0.14 -0.02 ± 0.02 -0.18 ± 0.14 -0.03 ± 0.02 -0.04 ± 0.14 -0.01 ± 0.02 IC 5309 -0.08 ± 0.18 -0.02 ± 0.05 -0.09 ± 0.18 -0.03 ± 0.05 -0.01 ± 0.18 -0.00 ± 0.05 NGC 7611 -0.02 ± 0.22 -0.01 ± 0.08 -0.01 ± 0.22 -0.00 ± 0.08 0.01 ± 0.22 0.00 ± 0.08 NGC 7623 0.00 ± 0.48 0.00 ± 0.09 0.04 ± 0.48 0.01 ± 0.09 0.04 ± 0.48 0.01 ± 0.09 NGC 7631 -0.12 ± 0.14 -0.03 ± 0.04 -0.16 ± 0.14 -0.04 ± 0.04 -0.04 ± 0.14 -0.01 ± 0.04 NGC 7653 -0.08 ± 0.16 -0.02 ± 0.04 -0.12 ± 0.16 -0.03 ± 0.04 -0.04 ± 0.16 -0.01 ± 0.04 NGC 7671 -0.02 ± 0.08 -0.01 ± 0.03 -0.00 ± 0.08 -0.00 ± 0.03 0.02 ± 0.08 0.01 ± 0.03 NGC 7691 -0.15 ± 0.26 -0.03 ± 0.05 -0.20 ± 0.26 -0.04 ± 0.05 -0.06 ± 0.26 -0.01 ± 0.05 NGC 7716 -0.15 ± 0.14 -0.03 ± 0.03 -0.20 ± 0.14 -0.04 ± 0.03 -0.05 ± 0.14 -0.01 ± 0.03 NGC 7722 -0.09 ± 0.27 -0.03 ± 0.09 -0.16 ± 0.27 -0.05 ± 0.09 -0.06 ± 0.27 -0.02 ± 0.09 NGC 7738 -0.07 ± 0.13 -0.02 ± 0.03 -0.11 ± 0.13 -0.02 ± 0.03 -0.03 ± 0.13 -0.01 ± 0.03 
